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Abstract
Purpose: Emergency Departments (ED) are becoming busier, with a resultant increase in the number of imaging 
referrals. The purpose of this study was to assess the diagnostic accuracy of an abbreviated two sequence magnetic 
resonance (MR) protocol for evaluating ED patients with right lower quadrant pain and suspected acute appendicitis, 
with a view to expediting patient turnaround times and imaging costs. 
Material and methods: Fifty patients (49 females, one male; mean age 25.4 ± 5.2 years) who underwent ED MR imaging 
from July 2014 to March 2015 for right lower quadrant pain were retrospectively reviewed. MR abdomen/pelvis was 
performed on 1.5 T MR obtaining axial T1 gradient echo in/out of phase, transverse fast spin echo T2 with fat sat/
motion correction, axial/coronal T2 HASTE (half-Fourier acquisition single-shot turbo spin-echo), and axial DWI 
(diffusion-weighted imaging) sequences. Images were reviewed by two fellowship-trained radiologists on a five-point 
confidence scale. Mean acquisition/interpretation times for the standard departmental protocol and the proposed 
abbreviated MR protocol (comprising T2 HASTE and DWI images) were calculated. Sensitivity, specificity, and 
diagnostic accuracy for the abbreviated protocol against the full protocol were also calculated.
Results: Mean scanning time for abbreviated protocol and standard protocol was calculated to be 21.1 minutes and 40.5 
minutes, respectively. Mean interpretation time for abbreviated protocol for reader one and two was 4.1 ± 1.5 minutes 
and 4.5 ± 1.4 minutes, respectively, and for standard protocol was 8.1 ± 1.8 minutes and 7.1 ± 1.4 minutes, respec-
tively. Sensitivity, specificity, and accuracy for the FAST protocol were calculated to be 100% each for reader one and 
75%, 100%, and 94%, respectively, for reader two. 
Conclusions: The proposed abbreviated MR protocol has comparable diagnostic accuracy in diagnosing ED patients 
with right lower quadrant pain, with significant reduction in imaging/interpretation times. It thus has the potential 
to be implemented in ED imaging with significant reduction in patient turnaround times and costs.
Key words: magnetic resonance imaging, acute appendicitis, right lower quadrant pain, diffusion weighted imaging, 
emergency. 
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Introduction
Emergency rooms are becoming busier day by day. Result-
antly, the numbers of emergency department (ED) imag-
ing studies that need to be done are also on the rise. Patient 
turnaround time is an essential component of workflow in 
the ED, and it continues to gain greater importance due to 
worsening ED crowding and increasing waiting times [1]. 
Referring physicians often believe that emergency depart-
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ment crowding is partially caused by delayed or redundant 
radiology services [2]. Various studies done previously 
have evaluated utilisation of different imaging services in 
the ED and have raised potential concerns about possible 
inappropriate use of imaging in the ED, associated costs, 
radiation dose, and potential contribution to crowding in 
the ED [3].
Right lower quadrant pain remains a common ED 
presentation with the most important differential diagno-
sis being acute appendicitis. Additional pathologies such 
as pyelonephritis and ovarian abnormalities etc. can also 
be encountered. Prompt diagnosis/exclusion have signifi-
cant management implications in the urgent care setting. 
With almost universal availability, inexpensiveness, and 
lack of ionising radiation, ultrasound is usually consid-
ered the initial imaging modality. However, the sensitivity 
and specificity can vary due to the patient body habitus, 
expertise of the sonographer, and even the position of the 
cecum. This becomes even more challenging in gravid fe-
males [4]. Computed tomography (CT) has a significantly 
higher diagnostic yield for appendicitis when compared 
with ultrasound [5, 6]. However, concerns about ionising 
radiation exposure make it less desirable in young and/or 
pregnant females.
Relatively high cost of magnetic resonance imaging 
(MRI), its limited availability, and long imaging times have 
been impediments to its utilisation in the ED. However, 
in recent times, technological developments have made 
ultrafast sequences possible, resulting in shorter exam 
times and fewer patient motion artefacts [7]. Also, lack 
of ionizing radiation makes it a popular and safe imaging 
method in young/pregnant females. The utility of MRI for 
diagnosing acute appendicitis has been extensively stud-
ied in the past [8]. Diffusion-weighted imaging (DWI) has 
also been evaluated as an adjunct to basic MRI sequences 
for the diagnosis of acute appendicitis, with proven ben-
efit. Multiple studies have been performed to assess and 
verify the improved diagnostic accuracy of DWI for acute 
appendicitis, with surgical diagnosis as the gold standard 
[9,16,17]. However, obtaining a complete MRI abdomen/
pelvis with additional DWI can result in long scan times.
The aim of our study was to assess the diagnostic per-
formance of a proposed abbreviated two-sequence MR 
protocol comprising DWI and T2 HASTE (half-Fourier 
acquisition single-shot turbo spin-echo), which could 
potentially be performed exclusively in ED patients pre-
senting with right lower quadrant pain, with a view to im-
proving radiology turnaround times and reducing costs 
while maintaining diagnostic accuracy. 
Material and methods
Hypothesis
Radiological interpretation of an abbreviated two-sequence 
MR protocol comprising DWI and T2 HASTE images re-
sults in a significant decrease in imaging and interpretation 
times without compromising diagnostic accuracy when 
compared with a full MR protocol in ED patients present-
ing with right lower quadrant pain and suspected acute 
appendicitis. 
Patient population
Institutional review board ethics approval and a waiver 
of informed consent were obtained for this retrospective 
study. Our institution’s Clinical Data Warehouse was in-
terrogated to identify all consecutive patients who pre-
sented to the emergency room at Vancouver General Hos-
pital (Vancouver, British Columbia, Canada) between July 
2014 and March 2015 with right lower quadrant pain and 
had an MRI abdomen/pelvis done for a clinical diagno-
sis of possible acute appendicitis. Inclusion criteria were 
as follows: adult female and male patients (more than 
18 years of age) presenting to the ED with right lower 
quadrant pain and primary concern for acute appendici-
tis; gravid females with right lower quadrant pain but no 
vaginal bleeding. Paediatric patients and gravid females 
with right lower abdominal pain and associated vaginal 
bleeding were excluded for the purpose of this study. Our 
study included a total of 50 patients of reproductive age 
(49 females, one male).
Initial ED ultrasound exam was performed for some 
patients; however, the ultrasound results were not re-
viewed in detail for the purpose of this study because the 
aim was primarily to assess the diagnostic performance 
of a shorter MR protocol versus the standard full depart-
mental protocol, taking the full protocol results as a gold 
standard for the purpose of the study. 
Image acquisition
Abdominal/pelvic MRI exams were performed in supine 
position with an Aera 1.5 Tesla MRI (Siemens AG Medi-
cal Solutions, Erlangen, Germany) using a body coil. No 
intravenous/oral contrast or bowel relaxant was given for 
the scans. The maximum gradient force of the supercon-
ducting magnet was 30 mT/m, and the maximum field of 
view (FOV) width was 400 mm. All patients underwent 
the following imaging protocol.
Axial gradient echo in-out of phase T1-weighted imag-
es (TR, 11.5 s; TE, 4.77 s; flip angle, 10°; matrix, 320 × 320; 
slice thickness, 3 mm; slice gap, 20%), transverse FSE 
T2-weighted images with fat sat/motion correction (TR 
between 4583 and 6836 s; TE, 86 s; flip angle, 155°; matrix, 
320 × 320; slice thickness, 3 mm; slice gap, 20%), axial T2 
HASTE images (TR, 1400 s, TE, 90 s; slice thickness, 3 mm; 
slice gap, 20%), and coronal T2 HASTE images (TR, 1400 s; 
TE, 127 s; slice thickness, 3 mm; slice gap, 20%) with breath 
holding technique. Axial DWI/ADC maps were also ob-
tained for all scans. The diffusion weighted single-shot 
echo-planar sequence and chemical shift fat suppression 
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were obtained without contrast media and without breath 
hold (TR/TE, 7600/91; matrix, 192 × 144; slice thickness, 
5 mm; slice gap, 20%; FOV, 320 mm; PAT, factor, GRAPPA). 
The protocol used for echo-planar DWI at our institution 
was as follows: 0 s/mm2, 50 s/mm2, 400 s/mm2, 1000 s/mm2, 
and ADC.
Image analysis
In a randomised blinded fashion, two board-certified 
and fellowship-trained radiologists with > 5 years’ expe-
rience in emergency radiology independently reviewed 
images for each patient for the presence/absence of acute 
appendicitis with regards to interpretation confidence 
on a five-point scale (Table 1). Only the T2 HASTE and 
DWI images were reviewed in the first setting to establish 
a diagnosis based on the abovementioned five-point scale. 
This was subsequently followed by reviewing the entire 
set of images including the T1W, FSE T2W images, DWI, 
and T2 HASTE images. The time gap between the two 
sets of readings was 60 days to avoid bias. The criteria we 
used for diagnosing acute appendicitis included: appendix 
diameter > 9 mm, appendicular wall thickness > 2 mm, 
hyperintense appearances on DWI (Figures 1 and 2), 
caecal pole thickening, and surrounding oedema/fluid or 
abscess formation [8,9]. Any additional positive findings 
that could account for the patient’s symptoms were also 
documented for both subsets.
Statistical analysis
The defining statistics related to the characteristics of in-
terest were expressed as mean, median, standard devia-
Table 1. Point interpretation confidence scale for detecting the appendix 
and making diagnosis
Appendix not confidently visualised/Non-diagnostic study 1
Low confidence in diagnosis 2
Low-intermediate confidence 3
Intermediate confidence 4
High confidence 5
A
C
B
Figure 1. 25-year-old female with right lower quadrant pain 
and elevated white blood cell. A) Coronal T2W image shows 
normal appearance of the appendix with normal periappen-
diceal fat (arrow). B, C) Axial DW/ADC images do not show 
restricted diffusion in the appendix/periappendeceal fat, exclud-
ing appendicitis
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tion, and minimum and maximum values. Inter-observer 
variability between the interpretations of the two blinded 
readers was calculated and kappa values were determined. 
A p value of < 0.05 was considered statistically significant. 
Calculations were performed using commercially availa-
ble software (Statistical Package for Social Sciences, Ver-
sion 21.0, SPSS Inc., Chicago, Illinois, USA). The mean 
acquisition and interpretation times for the entire set of 
images including T1W, FSE T2W images, DWI, and T2 
HASTE images were calculated. Subsequently, the scan ac-
quisition and interpretation times for only the T2 HASTE 
and DWI were calculated as the second proposed faster 
ED imaging protocol in our patient subset. Sensitivity, 
specificity, and diagnostic accuracy for the abbreviated 
subset of images was calculated against the complete MR 
protocol diagnoses. 
Results
The mean age of the study population was 25.4 ± 5.2 years. 
Fourteen patients were pregnant at the time of imaging.
Imaging results
Mean scan/table time for the complete image set acquisi-
tion was calculated to be 40.5 minutes whereas the mean 
scan/table time for the T2 HASTE and DWI subset was 
21.1 minutes. Mean interpretation time for the complete 
protocol was 8.1 ± 1.8 minutes for reader one and 7.1 
± 1.4 minutes for reader two. The mean interpretation time 
for the abbreviated subset was 4.1 ± 1.5 minutes for reader 
one and 4.5 ± 1.4 minutes for reader two. The mean times 
for both these subsets were found to be significantly differ-
ent (p < 0.05).
The appendix was not identified on three scans which 
were considered negative for the purpose of our study giv-
en the absence of indirect signs of inflammation in the 
right lower quadrant (no fat stranding or free fluid, DWI 
negative, and lack of caecal pole thickening). None of 
these three cases was operated upon, and none had a doc-
umented complication upon clinical follow-up (chart re-
view at 30-day patient follow-up with the primary team 
was done to see how the patients were subsequently), con-
A
C
B
D
Figure 2. 35-year-old 20 weeks pregnant female with repeated episodes of right lower quadrant pain. Appendicitis? A, B) Coronal and axial T2W images 
show dilated appendix with periappendeceal soft tissue mass and fat stranding adjacent to the gravid uterus (arrow) which also shows restricted diffusion 
(arrow) on the DW/ADC images (C, D). Findings are consistent with subacute appendicitis
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sistent with our negative diagnosis. Interobserver relia-
bility was found to be kappa 0.259 (p < 0.005), indicating 
a significant but fair degree of agreement in diagnosing or 
excluding appendicitis on the complete image set. The in-
terobserver reliability for the abbreviated subset compris-
ing of T2HASTE and DWI was found to be kappa 0.320 
(p < 0.005), indicating significant but fair agreement 
between the two observers in diagnosing/excluding ap-
pendicitis. Three patients were identified to have pyelo-
nephritis (Figure 3) and two had complex adnexal cysts 
as possible causes for their clinical symptoms. These were 
identified by both readers on both image groups.
Initial ultrasound exams were done in 23 patients. 
The detailed results of these ED ultrasound exams or the 
final histopathology results for the operated cases were not 
reviewed for the purpose of this study because the primary 
aim was to compare the diagnostic performance of the two 
MR protocol subsets, considering the full protocol inter-
pretation as a gold standard for the purpose of this study. 
Statistical evaluation
Sensitivity and specificity for the abbreviated MR protocol 
comprising of T2 HASTE and DWI was calculated to be 
100% for reader one and 75% for reader two. The diagnos-
tic accuracy for the abbreviated protocol was 100% and 
94% for both observers. The Wilcox rank sum test was 
used to analyse the level of confidence of the radiologists 
for both imaging sets. No statistically significant differ-
ence (p = 0.623) in the level of confidence of the observers 
in the interpretation of the complete and abbreviated pro-
tocol was found (Table 2). However, the mean interpreta-
tion time difference was found to be significant.
Discussion
The versatility of the technique, lack of intravenous con-
trast, and the increasing awareness of radiation-related 
health risks associated with CT have resulted in more 
frequent use of MRI in the diagnostic workup for several 
acute abdominal conditions, including acute appendici-
tis [11]. There have been recent reports bringing concern 
that intravenous iodinated contrast in combination with 
ionising radiation might increase damage to the DNA 
double helical strands, thus increasing the likelihood of 
DNA mutation and malignancies [3]. This lends more ev-
idence that we should try to utilise other modalities when 
possible, particularly in paediatric, pregnant, and young 
A B
Figure 3. 28 year-old-female with right lower abdominal pain and leukocytosis. A) T2W coronal image shows normal appearance of the appendix (arrow). 
However, there is significant right perirenal fluid and hydroureter (B) consistent with acute pyelonephritis, accounting for the patients symptoms
Table 2. Five-point confidence scale interpretation results for standard and fast protocols for the two readers
Confidence Scale Standard protocol Fast protocol
Reader 1 Reader 2 Reader 1 Reader 2
Not visualized 2 3 4 3
Low confidence 1 1 1 1
Low-intermediate confidence 4 4 3 4
Intermediate confidence 4 5 6 5
High confidence 39 37 36 37
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adult populations. As MRI becomes increasingly availa-
ble in emergency settings [12], its use for evaluating all 
patients with acute right lower quadrant pain is expected 
to increase.
According to the American College of Radiology 
(ACR) Appropriateness Criteria, patients with right low-
er quadrant pain and suspected acute appendicitis should 
ideally be imaged with CT scan of the abdomen and pel-
vis; however, MR imaging may be considered more ap-
propriate in cases with iodinated contrast allergy or poor 
renal function. In pregnant patients presenting with sim-
ilar symptoms, ACR appropriateness guidelines favour 
non-contrast enhanced MR imaging over CT scanning 
due to radiation hazards to the foetus. The ACR Appropri-
ateness Guidelines highlight the need for further research 
regarding MR utility in the general population for eval-
uation of acute appendicitis because limited evidence is 
available to date. They also mention longer imaging times 
as a potential shortcoming of MR imaging for ED utility.
The utility of MR DWI has been extensively studied 
in the recent past, with innumerable studies highlight-
ing its utility in the diagnosis of many disease condi-
tions, including hepatic, urinary, and pelvic malignancies 
[13-15]. Literature supports its utility in the diagnosis of 
acute appendicitis as well, with multiple published studies 
from various institutions across the world validating its 
advantage in such cases [16]. The inflammatory process 
of acute appendicitis alters the structural organisation of 
the appendix and the adjacent tissue, thereby affecting the 
diffusivity of water molecules, which results in increased 
signal intensity on DWI [4]. The primary purpose of our 
study was not simply to evaluate the accuracy of DWI in 
diagnosing potential acute appendicitis (this has already 
been proven in the past to be beneficial) but also to see 
if we could propose a modified abbreviated MR proto-
col incorporating DWI, exclusively for ED patients with 
right lower quadrant pain with the idea of saving time, 
reducing imaging costs, and improving ED turnaround 
times without compromising the radiologist’s diagnostic 
confidence. We wanted to evaluate if there was any sig-
nificant decrease in the confidence of the reading radi-
ologists or the imaging diagnosis generated from the ab-
breviated protocol when compared with interpretation of 
a full five-sequence set of MR images currently obtained 
in such patients in our department. Our current full MR 
protocol to the best of our knowledge is comparable to 
the standard MR protocol adopted in most radiology de-
partments. A study done by Inci et al. quantitatively eval-
uated DW signal intensities and ADC values for normal 
and inflamed appendixes and reported a sensitivity of 99% 
and a specificity of 97% with DWI using a cut-off value of 
56 for the signal intensity. These findings correlated with 
the histopathological results and, except for one patient 
with histologically proven appendicitis in their study 
group comprising 119 patients, all inflamed appendixes 
were hyperintense on DWI (98.7%) [16]. We also used 
DWI hyperintensity as a criterion for suggesting acute ap-
pendicitis in our study group. Avcu et al. also studied the 
effectiveness of DWI and ADC values in differentiating 
perforated and non-perforated appendicitis in a group 
of 60 patients, where 40/44 patients with a radiological 
diagnosis of acute appendicitis underwent surgery, con-
firming 12 cases of perforated and 28 cases of non-per-
forated acute appendicitis. The sensitivity, specificity, and 
diagnostic accuracy rate of DWI in their study was 97.5%, 
100%, and 98.1%, respectively [9]. The diagnostic accu-
racy of our abbreviated protocol incorporating DWI was 
found to be comparable, being 94% and 100% for the two 
readers. 
A study conducted by Leewenburgh et al. compared 
radiologist interpretation sensitivity with conventional 
MR images without and with the addition of DWI se-
quences and demonstrated an improvement in sensitivity 
from 0.80 to 0.87 (p < 0.001) in all readings combined 
when DW images were read in addition to the conven-
tional MR images [10]. However, the addition of DWI to 
current MRI protocols to improve sensitivity results in 
additional imaging and increased reporting times. A com-
bination of DWI and conventional MRI was found to be 
the most sensitive and most accurate technique for the di-
agnosis of acute appendicitis in children in another study 
conducted by Bayraktutan et al. [17]. They found that the 
combination had a sensitivity and accuracy of 0.92 and 
0.92, respectively, versus 0.78 and 0.77 with DWI alone 
and 0.81 and 0.82 with conventional MRI alone. We thus 
tried to evaluate an abbreviated protocol that incorporat-
ed both DWI and T2W images.
In addition to evaluation for appendicitis, MRI fa-
cilitates identification of potential alternate diagnoses 
to explain the patient’s symptoms, as well. Because MRI 
for right lower quadrant pain usually includes imaging 
through most (or all) of the abdomen and pelvis, it al-
lows comprehensive abdominopelvic imaging evaluation 
rather than focused evaluation as in ultrasound, and that 
too without the radiation hazard as in CT. Also, the inher-
ent soft-tissue contrast resolution of MRI allows greater 
detection of ovarian pathology than CT, including rup-
tured haemorrhagic cysts [19]. Studies from three insti-
tutions report the rate of alternate diagnosis detection at 
20.6% [20], 19.2% [21], and 18.4% [19]. In all these stud-
ies, the two most frequent diagnoses were adnexal cysts 
and enteritis/colitis, each at approximately 6%. MRI also 
demonstrated ovarian torsion, pyelonephritis, obstructive 
urolithiasis, and even malignancy, among others. In our 
study, the complete MR exam detected a possible alternate 
diagnosis in five patients who had a normal appendix in 
our study group. All five were also identified on the pro-
posed abbreviated protocol.
MRI is now commonly recommended for appendicitis 
evaluation in the setting of pregnancy, and Fonseca et al.’s 
[18] 2014 findings might be pertinent to the discussion 
here because 14/50 of our study patients were pregnant at 
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the time of ED presentation/imaging. Fonseca et al. [18] 
reported a retrospective review of the records of 79 preg-
nant patients who underwent sonography, and 31 of those 
also had MRI. All pathways resulted in high specificity; 
however, sensitivity was 25% for clinical diagnosis, 39% 
for US, and 100% for MRI [18]. Their results also demon-
strated that the patients undergoing MRI were more fre-
quently discharged from the emergency department (odds 
ratio 0.35; p = 0 .04) and had shorter length of stay (33.7 h 
vs. 64.8 h, p < 0 .001) than patients without MRI. Mean 
hospital charges were less when MRI was used in patient 
groups both with and without appendicitis. Mean total 
hospital charges at their institution were $8174 with ap-
pendicitis and MRI vs. $8544 with appendicitis and no 
MRI; and $3,205 with no appendicitis and MRI vs. $3,615 
with no appendicitis and no MRI. These authors conclud-
ed that MRI shortened the length of stay without increas-
ing hospital charges in pregnant patients [18]. We believe 
that our proposed abbreviated MR imaging protocol in-
cluding DWI and T2 HASTE images can also result in sig-
nificant imaging cost reduction because the radiologist’s 
interpretation was found to be similar to what it would 
have been with a full five-sequence MR exam.
Although the results are promising, they are still in-
complete. The limitations of our study include a retro-
spective design, a small sample size, and a highly specific 
patient population. We did not incorporate final histo-
pathology results for the operated cases; reviewing those 
could have potentially further validated the utility of the 
proposed abbreviated protocol in the ED setting for such 
patients. A detailed cost analysis incorporating imaging, 
hospital stay, etc. would be prudent to further support our 
hypothesis and convince other radiologists and physicians 
to adopt limited scanning in ED patients to facilitate faster 
triage and improve patient waiting and turnaround times. 
The proposed technique can be further studied using 
a prospective design and a larger patient population in 
a multicentre setting for further validation. 
Conclusions
The proposed abbreviated two-sequence MR exam com-
prising T2W HASTE and DWI images has a high diag-
nostic accuracy in detecting /excluding appendicitis with 
no significant difference in the level of confidence of the 
reading radiologist when compared with the full mul-
ti-sequence MR protocol. It can be a valuable tool in the 
emergency department for assessing patients with right 
lower quadrant pain and possible acute appendicitis with 
significant reduction in imaging/ interpretation times as 
well as costs.
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